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(57) A video camera apparatus includes a video 
camera (1) for generating a video signal (VBS) 
and a camera control unit (41) for generating a 
control signal for controlling the video camera 
(1). The camera control unit (41) includes a 
video signal receiver (24), a video/reference 
signal phase comparator (80), a phase differ- 
ence signal transmitter (23), a video signal 
memory (32), and write and read clock signal 
generators (35, 37). The video camera (1) com- 
prises a phase difference signal receiver (13), a 
synchronizing signal generator (15), a 
synchronizing signal phase controller (91, 92, 
93), an image pickup device (18) and a video 
signal transmitter (14). In this setup, the output 
video signal (VBS) is generated under stable 
genlock control for radio communication be- 
tween the video camera (1) and the camera 
control unit (41). 
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This invention relates to controlling video cam- 
eras. 

Video cameras for use by broadcasting stations 
are each controlled by a separate camera control unit 
(called a CCU) with regard to diaphragm opening and 
other settings. The camera is also controlled by the 
CCU so that the signal output by the camera will syn- 
chronise with an externally furnished reference video 
signal (i.e., the camera is placed under so-cal- 
led 'genlock 1 control). 

During a camera-based programme broadcast, 
each participating video camera is generally connect- 
ed to its camera control unit via cables such as triax 
cables. In some cases, it is not possible or convenient 
to use cable- based connections between the video 
camera and the CCU; these physical connections are 
then replaced by radio communications. 

The radio communications from each video cam- 
era to the CCU involve, on the one hand, the use of a 
microwave circuit On the other hand, control com- 
mands from the CCU to each video camera are trans- 
mitted over a voice communication radio channel. 

Conventional camera control systems in which 
video cameras are each connected to a CCU by radio 
communication have some disadvantages that are 
not experienced with a cable-based camera-to-CCU 
connection. Some of these disadvantages will be dis- 
cussed below. 

Where a video camera and a CCU are connected 
by cable, CCU-initiated control commands and cam- 
era-initiated commands are transmitted bidirectional- 
ly therebetween. That is, the CCU transmits control 
commands to the camera over the cable. In turn, the 
video camera sends to the CCU over the same cable 
such commands as a camera status signal (defining 
camera diaphragm setting, etc. ) and a call command 
by which the camera operator calls up the CCU. 

Where the video camera and the CCU are con- 
nected by a radio channel, the commands are trans- 
mitted unidirectionally, i.e., only from the CCU to the 
camera. It is impossible for the camera to send the 
camera status signal, call command or other com- 
mands to the CCU over the radio channel. 

The radio channel for control command transmis- 
sion is a voice communication radio channel. This 
means that when a genlock reference signal is sent to 
the camera over the radio channel, genlock control 
becomes very vulnerable to external disturbances. 
With the genlock control signal sent over the conven- 
tional voice communication radio channel, the gen- 
lock system is markedly susceptible to Doppler shifts. 
Furthermore, the lock range is narrow and phase jitter 
is I ikely with the genlock system. Thus, the genlock of 
the output video signal is potentially much less stable 
with the radio-based connection between camera and 
CCU than with the cable-based connection there- 
between. 

This invention provides a video camera appara- 



tus including a video camera for generating a video 
signal and a camera control unit for generating a con- 
trol signal for controlling said video camera, said canrv- 
era control unit comprising: first receiving means for 

5 receiving a video signal transmitted from said video 
camera; means for comparing the relative phase of a 
video signal received by said first receiving means 
with that of a reference signal so as to generate a sig- 
nal representing the phase difference between the 

10 video signal and the reference signal; first transmitting 
means for transmitting said phase difference signal to 
said video camera over a radio channel; memory 
means for storing said video signal received by said 
first receiving means; means for generating a write 

15 clock signal, in response to said video signal received 
by said first receiving means, for controlling writing of 
said video signal to said memory means; and means 
for generating a read clock signal, in response to said 
reference signal, for controlling reading of said video 

to signal from said memory means; and said video cam- 
era comprising: second receiving means for receiving 
said phase difference signal transmitted from said 
camera control unit, means for generating a syn- 
chronizing signal; means for controlling the phase of 

25 said synchronizing signal in accordance with said 
phase difference signal received by said second re- 
ceiving means; image pickup means for generating 
said video signal in accordance with said synchroniz- 
ing signal; and second transmitting means for trans- 

30 mitting said video signal over a radio channel. 

This invention also provides a camera control unit 
for generating a control signal for controlling a video 
camera, said camera control unit comprising: means 
for receiving a video signal transmitted from said vid- 

35 eo camera over a radio channel; means for comparing 
the relative phase of said video signal received by the 
receiving means with that of a reference signal so as 
to generate a phase difference signal representing 
the phase difference between the video signal and the 

40 reference signal; transmitting means for transmitting 
said phase difference signal to said video camera 
over a radio channel; memory means for storing said 
video signal received by said receiving means; means 
for generating a write clock signal, in response to said 

45 video signal received by said receiving means, for 
controlling writing of said video signal to said memory 
means; and means for generating a read clock signal, 
in response to said reference signal, for controlling 
reading of said video signal from said memory means. 

50 The invention also provides a video camera com- 
prising: receiving means for receiving a phase differ- 
ence signal transmitted from a camera control unit 
over a radio channel; means for generating a syn- 
chronizing signal; means for controlling the phase of 

55 said synchronizing signal in accordance with said 
phase difference signal received by said receiving 
means; image pickup means for generating a video 
signal in accordance with said synchronizing signal; 
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and transmitting means for transmitting said video sig- 
nal over a radio channel. 

In at least a preferred embodiment the invention 
provides a video camera apparatus capable of gener- 
ating an output video signal under stable genlock con- 5 
trol for radio communication between camera and 

ecu. 

The invention will now be described byway of ex- 
ample with reference to the accompanying drawings, 
throughout which like parts are referred to by like ref- 10 
erences, and in which: 

Figure 1 is a block diagram of a video camera and 

a camera control unit; 

Figure 2 is a block diagram of a base unit con- 
tained in the camera control unit of Figure 1; is 
Figure 3 is a block diagram of a phase compari- 
son circuit included in the base unit of Figure 2; 
Figure 4 is a circuit diagram of a black burst gen- 
erator incorporated in the camera control unit of 
Figure 1; 20 
Figure 5 is a block diagram of another camera 
control unit, the unit being capable of transmitting 
control and camera output signals both by cable 
and over a radio channel; and 
Figure 6 is a block diagram of a video camera. 25 
Figure 1 is a block diagram of a video camera 1 
and a camera control unit (CCU) 41 embodying the in- 
vention. The CCU 41 has a control panel 5. The video 
camera 1 comprises a camera body 11, a camera-si- 
de radio adapter 12, a very high frequency (VHF) re- 30 
ceiver 13, and a microwave transmitter 14 tor trans- 
mitting the camera output to the CCU 41 . The camera 
body 1 1 supplies power PW to the camera-side radio 
adapter 12. The camera-side radio adapter 12 con- 
tains a black burst generator 1 5, a control signal proc- 35 
essor 16 and a control signal multiplexer 17. 

The CCU 41 comprises a base unit 21, a VHF 
transmitter 23, and a microwave receiver 24 that re- 
ceives signals sent from the microwave transmitter 14 
of the video camera 1 . 40 

The VHF transmitter 23 of the CCU 41 receives 
command signals from the base unit 21 and modu- 
lates the command signals using single-side-band 
(SSB) modulation for transmission to the video cam- 
era 1. Furthermore, the VHF transmitter 23 supplies 45 
the video camera 1 (using SSB modulation) with a 
frame error signal AV indicating the line divergence 
per frame of the camera output with respect to a ref- 
erence video signal REF (supplied, for example by a 
reference video signal generation circuit 9), as will be so 
described later. 

The VHF receiver 13 of the video camera 1 re- 
ceives and demodulates the output from the VHF 
transmitter 23. The demodulated output is sent to the 
control signal processor 16 of the camera-side radio 55 
adapter 12. The control signal processor 16 decodes 
command signals based on the signals received from 
the CCU 41 , and forwards the decoded command sig- 



nals to the camera body 11. The command signals, 
upon receipt by the camera body 1 1 , control it as des- 
ignated. The control signal processor 16 sends the 
frame error signal AV to the black burst generator 1 5. 

In turn, the black burst generator 15 generates a 
black burst signal BB comprising a synchronizing sig- 
nal and a burst signal, the latter acting as a colour syn- 
chronizing signal. Upon receipt of the frame error sig- 
nal AV from the control signal processor 16, the black 
burst generator 15 generates a black burst signal BB 
in accordance therewith. In this case, the black burst 
signal BB is synchronized substantially with the gen- 
lock-controlled output from the CCU 41. 

The black burst signal BB from the black burst 
generator 15 is fed to a genlock black burst signal in- 
put terminal of the camera body 11. Given the black 
burst signal BB, the camera body 1 1 outputs a camera 
output video signal VBS in accordance therewith. The 
video signal VBS is supplied to the control signal mul- 
tiplexer 17 of the camera-side radio adapter 12. 

In addition, the camera body 1 1 returns to the 
control signal processor 16 a status signal indicating 
the status the camera is in upon receipt of a control 
signal. The control signal processor 16 feeds the sta- 
tus signal to the control signal multiplexer 17. In turn, 
the control sig nal multiplexer^lT^r nult iplexestKe sta- 
tus signal into; for example^ 

of the video signal VBS. lf>for example, the camera * 
operator pushes a call switch, a call command signal " 
is sent by the control signal processor 1 6 to the control 
signal multiplexer 17 and is multiplexed into vertical 
blankinqioeri ods ofthe vk feo sig n al VBS. 4 

is fed t o the microw ave transmitter 14 for modulation 
into a microwaye^gnal. The microwave signal is sent 
to the CCU 4lWfie^icrowave receiver 24 of the CCU 
41^receives^the*sig ^l^^^ffl^afes it, and supplies 
the demodulated signal to the base unit 21 . 

A typical construction of the base unit 21 is shown 
in Figure 2. As shown in Figure 2, the base unit 21 
comprises a synchronising video signal generation 
circuit 30, an information signal extraction circuit 70, 
a phase comparison circuit 80 and an encoder 90. 
Based on the camera output received from the micro- 
wave receiver 24, the synchronizing video signal gen- 
eration circuit 30 generates a video signal in syn- 
chronism with the reference video signal. The infor- 
mation signal extraction circuit 70 extracts the multi- 
plexed additional information sent from the video 
camera 1 . The phase comparison circuit 80 generates 
the frame error signal AV based on the discrepancy 
between the reference video signal REF directed to 
the video camera 1 on the one hand, and the camera 
output video signal VBS on the other. The encoder 90 
encodes a control signal to be sent to the video cam- 
era 1. 

The synchronizing video signal generation circuit 
30 comprises an analogue to digital (AID) converter 
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31, a memory device 32 having a two-field memory 
capacity, a digital to analogue (D/A) converter 33, sig- 
nal detection circuits 34 and 36 for detecting the syn- 
chronizing signal and colour burst signal from the vid- 
eo signals VBS and REF respectively, a write clock 
generation circuit 35, and a read clock generation cir- 
cuit 37. 

A camera output video signal Si from the micro- 
wave receiver 24 is converted to digital format by the 
A/D converter 31. The digitized signal is then written 
to the memory device 32. 

The camera output video signal Si from the micro- 
wave receiver 24 is also fed to the signal detection cir- 
cuit 34. From the video signal Si, the signal detection 
circuit 34 detects the synchronizing signal and colour 
burst signal. When detected, the synchronizing signal 
and colour burst signal are supplied to the write clock 
generation circuit 35. The write clock generation cir- 
cuit 35 generates a write clock signal in synchronism 
with synchronizing signal and colour burst signal de- 
tected from the video signal Si. The write dock signal 
is sent both to the A/D converter 31 and to the memory 
device 32. Thus, writing of the video signal Si to the 
memory device 32 is accomplished using the write 
clock signal synchronized withe the synchronizing 
and colour burst signals contained in the video signal 
Si. 

The reference video signal REF is supplied to the 
signal detection circuit 36 of the base unit 21 . The sig- 
nal detection circuit 36 detects the synchronizing sig- 
nal and colour burst signal from the reference video 
signal REF. When detected, the synchronizing signal 
and colour burst signal are sent to the read clock gen- 
eration circuit 37. In turn, the read clock generation 
circuit 37 generates a read clock signal in synchron- 
ism with the synchronizing and colour burst signals 
contained in the reference video signal REF. The read 
clock signal is fed both to the D/A converter 33 and to 
the memory device 32. Thus, reading of the video sig- 
nal from the memory device 32 is achieved using the 
read clock signal synchronized with the synchronizing 
and colour burst signals contained in the reference 
video signal REF. In this manner, the output video sig- 
nal Sout from the D/A converter 33 turns into a signal 
synchronized with the reference video signal REF 
(i.e., a genlock-controlled signal). 

The camera output video signal Si from the micro- 
wave receiver 24 is sent to the information signal ex- 
traction circuit 70 which also receives a synchronizing 
signal from the signal detection circuit 34. Using the 
synchronizing signal, the information signal extraction 
circuit 70 generates a gate signal for demultiplexing 
the information signal that is multiplexed in the vertical 
blanking periods of the video signal received from the 
video camera 1. By so doing, the information signal 
extraction circuit 70 extracts from the video signal Si 
such additional signals as the information signal. After 
being extracted, the information signal and other sig- 



nals are supplied to the control panel 5. In turn, the 
control panel 5 displays, for example, indications of 
the status check on the video camera 1 as well as a 
call indication corresponding to the call command. 

5 Although the camera output video signal Si re- 

mains asynchronous with the reference video signal 
REF, the fact remains that the synchronizing signal of 
the camera output video signal is detected by the sig- 
nal detection circuit 34 of the synchronizing video sig- 

w nal generation circuit 30 and that the gate signal for 
extracting the information signal from the video cam- 
era 1 is generated based on that synchronizing signal. 
This makes is possible to extract reliably the informa- 
tion signal from the video camera 1 , that signal having 

15 been multiplexed in vertical blanking periods. 

In the above example, the frame error signal AV 
representing the discrepancy between the signal Si 
and the reference video signal REF is transmitted as 
the control command. That is, the synchronizing sig- 

20 nal of the camera output video signal from the signal 
detection circuit 34 and the synchronizing signal of 
the reference video signal REF from the signal detec- 
tion circuit 36 are supplied to the phase comparison 
circuit 80 for phase comparison. 

25 A phase comparison circuit 80 for use with the 
NTSC system will now be described with reference to 
Figure 3. In Figure 3, the reference video signal REF 
is fed to a vertical/horizontal synchronizing signal 
separation circuit 81a and is separated thereby into a 

30 vertical synchronizing signal Vsync (REF) and a hor- 
izontal synchronizing signal Hsync(REF). The two 
synchronizing signals obtained by the vertical/hori- 
zontal synchronizing signal separation circuit 81a are 
supplied to a one-frame rate signal generation circuit 

35 82a. Under the NTSC system, the starting phase of 
the vertical synchronizing signal Vsync (REF) is a 
half-cycle out of phase with that of the horizontal syn- 
chronizing signal Hsync(REF) between odd and even 
fields. This characteristic is utilized by the one-frame 

40 rate signal generation circuit 82a in acquiring a two- 
field rate signal, i.e., a one-frame rate signal from 
the vertical synchronizing signal Vsync (REF) and the 
horizontal synchronizing signal Hsync (REF). 

The horizontal synchronizing signal Hsync (REF) 

45 is also fed to a counter 83 which counts the received 
signal for each frame. A reset terminal of the counter 
83 is supplied with the one-frame rate signal R^from 
the one-frame rate signal generation circuit 81a. The 
signal R^ clears the count of the horizontal synchron- 

so izing signal Hsync (REF) for each frame. The count of 
the counter 83 is sent to a latch circuit 84. 

The synchronizing signal of the camera output 
video signal Si from the signal detection circuit 34 is 
fed to a vertical/horizontal synchronizing signal sepa- 

55 ration circuit 81 b and is separated thereby into a vert- 
ical synchronizing signal Vsync (VIDEO) and a hori- 
zontal synchronizing signal Hsync (VIDEO). The vert- 
ical synchronizing signal Vsync (VIDEO) and the hor- 
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izontal synchronizing signal Hsync (VIDEO) are sent 
to a one-frame rate signal generation circuit 82b. As 
with the one-frame rate signal generation circuit 82a, 
the circuit 82b provides a one- frame rate signal L^. 

The latch circuit 84, supplied with the one-frame 
rate signal from the one-frame rate signal gener- 
ation circuit 82b, latches the count of the counter 83 
per frame. The latched count is sent to the encoder 90 
as the frame error signal AV. 

If there is a phase difference of at least one line 
between the reference video signal REF and the cam- 
era output video signal from the signal detection cir- 
cuit 34, the latch circuit 34 latches the count of the 
counter 83 (i.e., as long as that count is other than 0). 
The count at this point, output as the frame error sig- 
nal AV, indicates the phase difference (in terms of the 
number of out-of-phase lines) between the reference 
video signal REF and the camera output video signal 
from the signal detection circuit 34. 

If the phase difference between the reference vid- 
eo signal REF and the camera output video signal 
from the signal detection circuit 34 is less than one 
line, the latch circuit 84 latches the count of the coun- 
ter 83 as soon as the counter 83 is reset by the one- 
frame rate signal R^- This time, the frame error signal 
AV is 0. 

The frame error signal AV is supplied to the en- 
coder 90. More specifically, the phase comparison cir- 
cuit 80 obtains the frame error AV indicating the num- 
ber of out-of-phase lines per frame between the two 
video signals. The frame error signal AV is then sent 
to the encoder 90. The encoder 90 encodes the frame 
error signal AV and sends the encoded result to the 
VHF transmitter 23 for SSB modulation. The modula- 
tion error signal is transmitted to the video camera 1. 

A command signal from the control panel 5 is like- 
wise fed to the VHF transmitter 23 via the encoder 90. 
In turn, the VHF transmitter 23 transmits the com- 
mand signal to the video camera 1. 

The control signal processor 16 in the radio adap- 
ter 12 of the video camera 1 decodes the frame error 
signal AV, as described earlier. The decoded frame 
error signal AV is supplied to the black burst generator 
1 5. This causes the black burst signal BB to synchron- 
ize substantially in phase with the synchronizing sig- 
nal of the reference video signal REF on the side of 
the CCU 41. 

Figure 4 shows a typical circuit construction of the 
black burst generator 15, the generator comprising a 
D/A converter 91, a loop filter 92 and a voltage con- 
trolled oscillator (VCO) 93. The frame error signal AV 
is first converted from digital to analogue format by the 
D/A converter 91 . The converted signal is supplied via 
the loop filter 92 to the VCO 93. The VCO 93 controls 
its oscillating frequency in accordance with the vol- 
tage supplied through the loop filter 92, whereby the 
black burst signal is generated. The loop filter 92, 
which provides a time constant, is incorporated here 



to remove noise elements contained in the frame error 
signal AV. The black burst generator 15 thus controls 
the phase of the black burst signal in accordance with 
the frame error signal AV. 

5 As described, the present embodiment, in which 

the CCU and the video camera are connected by ra- 
dio communication, provides an output video signal 
Sout under stable genlock control. One modification 
of this embodiment is to transmit the frame error sig- 

10 nal from the CCU to the camera, not only in terms of 
the above-mentioned line divergence, but also in 
terms of the phase difference between horizontal syn- 
chronizing signals. 

Figure 5 is a block diagram of a second camera 

15 control unit embodying the invention. This camera 
control unit is capable of transmitting the control and 
camera output signals both by cable and over a radio 
channel. In Figures 1, 2 and 5, like reference numer- 
als designate like or corresponding parts. Referring to 

20 Figure 5, a switcher 8 typically receives video signals 
from a plurality of video cameras and switches these 
signals for transmission to monitor equipment (not 
shown). A control panel 5 is provided for each of the 
video cameras. 

25 The video camera 1 is connected to a CCU 7 by 
a cable 6. As with its counterpart in Figure 1 , the video 
camera 1 has a camera-side radio adapter 12 for 
communication over a radio channel with a radio 
adapter 4. 

30 The CCU 7 supplies the video camera 1 , through 
the cable 6, with such camera control signals as a 
genlock control signal and a diaphragm control signal. 
From the video camera 1 , the CCU 7 receives through 
the cable 6 a genlock controlled video signal as well 

35 as a camera status signal for verifying the diaphragm 
setting and other camera status. Furthermore, the 
CCU 7 outputs the video signal through its output ter- 
minal. 

The radio adapter 4 comprises a CCU 41 , a video 
40 signal changeover switch 42, a control signal change- 
over switch 43 and a switching signal generation cir- 
cuit 44. 

As with its counterpart in Figures 1 and 2, the 
CCU 41 supplies the video camera 1 with command 

45 signals such as the frame error signal for genlock con- 
trol and the diaphragm control signal, sent over a 
voice communication channel. The command signals 
are modulated into VHF signals before being transmit- 
ted by radio to the video camera 1. The video signal 

so from the video camera 1 is sent, for example, over a 
microwave channel. The video signal is received and 
demodulated by the CCU 41 for output through the 
output terminal thereof. 

An input terminal C of the video signal change- 

55 over switch 42 in the radio adapter 4 receives the vid- 
eo signal from the CCU 7; an input terminal R of the 
switch 42 receives the video signal from the CCU 41. 
The video signal selected by the changeover switch 
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42 is fed to an input terminal of the switcher 8 corre- 
sponding to the camera number of the video camera 
1 in question. 

The command signal changeover switch 43 in the 
radio adapter 4 receives command signals from the 
control panel 5. The command signal obtained at an 
output terminal C of the changeover switch 43 is sent 
to the CCU 7, and the command signal obtained at an 
output terminal R of the changeover switch 43 is sup- 
plied to the CCU 41. 

When the power switch of the radio adapter 4 is 
turned off, the changeover switches 42 and 43 are set 
to the input terminal C and to the output terminal C, 
respectively. The switching signal generation circuit 
44 generates a switching signal SW1 for operating the 
changeover switches 43 and 43. The switching signal 
generation circuit 44 is supplied with a signal Pon that 
corresponds to the on-off action of the power switch 
of the radio adapter 4. The switching signal genera- 
tion circuit 44 is connected with a manual switch 45. 
The status of the switching signal SW1 is determined 
by the signal Pon and by operation of the manual 
switch 45. 

Specifically, turning on the power switch of the ra- 
dio adapter 4 causes the switching signal SW1 to set 
the changeover switches 42 and 43 forcibly to the in- 
put terminal R and to the output terminal R, respec- 
tively. When the manual switch 45 is pushed while the 
power switch is kept on, the changeover status of the 
switches 42 and 43 is reversed. When the power 
switch of the radio adapter 4 is turned off, the switch- 
ing signal SW1 sets the changeover switches 42 and 

43 forcibly to the input terminal C and to the output ter- 
minal C, respectively. 

Figure 6 is a block diagram of the video camera 
1 . The video camera 1 comprises a charge-coupled 
device (CCD) solid-state image pick-up device 18, a 
picked-up image signal processing circuit 1 9, a gen- 
lock synchronization control circuit 10, a changeover 
switch 53, a microwave transmission circuit (micro- 
wave transmitter) 14, a VHF reception circuit (VHF re- 
ceiver) 13, a control signal changeover switch 54, a 
video signal output circuit 51, and a control signal 
transmission/reception circuit 52. The changeover 
switch 53 switches the output signal of the picked-up 
image signal processing circuit 19 (i.e., video signal) 
between two modes: one in which the CCU 7 oper- 
ates, the other in which the CCU 41 of the radio adap- 
ter 4 operates (to be described later in more detail). 
The video signal output circuit 51 outputs the video 
signal onto the cable 6. 

The microwave transmission circuit 14 modulates 
the video signal into a microwave band signal for 
transmission over a microwave channel. The CCU 41 , 
as described, comprises demodulating means for de- 
modulating the microwave video signal back to the ini- 
tial band video signal. From the CCU 41 of the radio 
adapter 4, the VHF reception circuit 13 receives con- 



trol signals in the form of modulated signals transmit- 
ted over a VHF band channel for voice communica- 
tion. 

The picked-up image signal from the CCD solid- 

5 state image pick-up device 18 is supplied to the 
picked-up image signal processing circuit 19. The 
picked-up image signal processing circuit 19 also re- 
ceives a synchronizing signal and a subcarrier from 
the synchronization control circuit 10. The synchron- 

w izing signal and the subcarrier from the synchroniza- 
tion control circuit 10 are synchronized with the refer- 
ence video signal in accordance with the control sig- 
nal from the CCU 7 or from the CCU 41 of the radio 
adapter 4. Thus, the output video signal from the 

15 picked-up image signal processing circuit 19 is kept 
under genlock control. 

The video signal from the picked-up image signal 
processing circuit 19 is sent to the changeover switch 
53. Under control of a cable/radio switching signal 

20 SW2, the changeover switch 53 is set to the output 
terminal C when the CCU 7 is used for camera control 
(i.e., cable-based setup) and the switch 53 is set to the 
output terminal R when the CCU 41 of the radio adap- 
ter 4 is used (i.e., radio-based setup). Also under con- 

25 trol of the switching signal SW2, the changeover 
switch 54 is set to the input terminal C for the cable- 
based setup and to the input terminal R for the radio- 
based setup. These switching operations are illustra- 
tively carried out manually. 

30 If the cable-based setup is selected with the video 
camera 1, a genlock control signal comes from the 
CCU 7 and appears at the input terminal 54b connect- 
ed to the cable 6. The genlock control signal is fed to 
the synchronization control circuit 10 via the control 

35 signal transmission/reception circuit 52 and switch 54 
for genlock control. 

The video signal from the picked-up image signal 
processing circuit 19 is sent through the changeover 
switch 53 to the video signal output circuit 51 . In turn, 

40 the video signal output circuit 51 forwards the video 
signal to the terminal 54a connected with the cable 6. 
In this manner, the video signal is supplied to the CCU 
7 via the cable 6. In the cable-based setup, a status 
signal generation circuit 20 in the video camera 1 

45 sends to the terminal 54c a signal indicating camera 
status such as the diaphragm setting, the terminal 54c 
being connected to the cable 6. From the terminal 
54c, the status signal is transmitted to the CCU 7. 
If the radio-based setup is selected with the video 

so camera 1 , the control signal received by an antenna 
connected to the VHF reception circuit 1 3 is fed to the 
synchronization control circuit 10 via the VHF recep- 
tion circuit 13 and switch 54 for genlock control. The 
video signal from the picked-up image signal process- 

55 ing circuit 1 9 is supplied via the changeover switch 53 
to the microwave transmission circuit 14. In turn, the 
microwave transmission circuit 14 transmits the video 
signal via an antenna to the CCU 41. 
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A description will now be given of how the camera 
control system of the above-described construction 
works. 

When it is desired to have the video camera 1 
controlled by the CCU 7, the power switch of the radio 5 
adapter 4 is left turned off. In this state, as described 
earlier, the switches 42 and 43 of the radio adapter 4 
are set to the input terminal C and to the output termi- 
nal C, respectively. Where the power switch of the ra- 
dio adapter 4 is turned on, the switch 45 is operated w 
to set the changeover switches 42 and 43 to the input 
terminal C and to the output terminal C, respectively. 

At this time, control signals from the control panel 
5 are sent to the CCU 7 via the changeover switch 43 
of the radio adapter 4. The genlock control signal and 15 
the camera control signal from the CCU 7 are fed to 
the video camera 1 via the cable 6 for control of the 
camera. The genlock-controlled video signal from the 
video camera 1 is supplied to the CCU 7 via the cable 
6. The video signal is fed from the CCU 7 to the switch- 20 
er 8 via the changeover switch 42 of the radio adapter 
4. 

When it is desired to have the video camera 1 
controlled by the CCU 41 , the power switch of the ra- 
dio adapter 4 is turned on. This enables the switches 25 
42 and 43 of the radio adapter 4 to be set to the input 
terminal R and to the output terminal R, respectively, 
as described earlier. 

At this point, the control signal from the control 
panel 5 is sent to the CCU 41 via the changeover 30 
switch 43 of the radio adapter 4. The genlock control 
signal and the camera control signal from the CCU 41 
are fed over a radio channel to the video camera 1 for 
camera control. The genlock-controlled video signal 
from the video camera 1 is sent to the CCU 41 over a 35 
radio channel. The video signal is sent from the CCU 

41 to the switcher 8 via the changeover switch 42. 

As described, the camera control system of the 
above construction switches the CCU 7 and CCU 41 
when the power switch of the rad k) adapter 4 is simply 40 
turned on and off. There is no need for the physical 
cable switching that is required conventionally. The 
switch 45 permits changeover from the currently used 
CCU 41 to the CCU 7 when the power switch of the 
radio adapter 4 is turned on. 45 

In the above example, the changeover switches 

42 and 43 are operated in conjunction with the power 
switch of the radio adapter 4. Alternatively, the 
switches 42 and 43 may be operated manually. 



Claims 

1 . A video camera apparatus including a video cam- 
era (1 ) for generating a video signal (VBS) and a 55 
camera control unit (41) for generating a control 
signal for controlling said video camera, said 
camera control unit (41) comprising: 



first receiving means (24) for receiving a 
video signal (VBS) transmitted from said video 
camera (1); 

means (80) for comparing the relative 
phase of a video signal (VBS) received by said 
first receiving means (24) with that of a reference 
signal (REF) so as to generate a signal (AV) rep- 
resenting the phase difference between the video 
signal (VBS) and the reference signal (REF); 

first transmitting means (23) for transmit- 
ting said phase difference signal (AV) to said vid- 
eo camera (1) over a radio channel; 

memory means (32) for storing said video 
signal (VBS) received by said first receiving 
means (24); 

means (34, 35) for generating a write clock 
signal, in response to said video signal (VBS) re- 
ceived by said first receiving means (24), for con- 
trolling writing of said video signal (VBS) to said 
memory means (32): and 

means (36, 37) for generating a read clock 
signal, in response to said reference signal 
(REF), for controlling reading of said video signal 
(VBS) from said memory means (32); 

and said video camera (1) comprising: 

second receiving means (13) for receiving 
said phase difference signal (AV) transmitted 
from said camera control unit (41); 

means (15) for generating a synchronizing 
signal (BB); 

means (91, 92, 93) for controlling the 
phase of said synchronizing signal (BB) in accor- 
dance with said phase difference signal (AV) re- 
ceived by said second receiving means (13); 

image pickup means (18) for generating 
said video signal (VBS) in accordance with said 
synchronizing signal (BB); and 

second transmitting means (14) for trans- 
mitting said video signal (VBS) over a radio chan- 
nel. 

2. Apparatus according to claim 1 , wherein said first 
transmitting means (23) is operative to transmit 
said phase difference signal (AV) over a radio 
channel in the very high frequency (VHF) band, 
and said second transmitting means is operative 
to transmit said video signal (VBS) over a radio 
channel in the microwave frequency band. 

3. Apparatus according to claim 1 or claim 2, where- 
in said camera control unit (41) comprises an en- 
coder (90) for generating a composite signal of 
said control signal and said phase difference sig- 
nal (AV). 

4. Apparatus according to claim 3, wherein said first 
transmitting means (24) is operative to transmit 
said composite signal over said radio channel for 
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transmitting said phase difference signal (AV). 

5. A video camera apparatus according to any one 
of the preceding claims, wherein said comparing 
means (80) comprises: 5 

first separating means (81 a) for separating 
a first vertical blanking signal (Vsync (REF)) and 
a first horizontal blanking signal (Hsync (REF)) 
from said reference signal (REF); 

first generating means (82a) connected to w 
be supplied with said first vertical blanking signal 
(Vsync (REF)) and said first horizontal blanking 
signal (Hsync (REF)) for generating a first one 
frame rate signal (R^); 

a counter (83) for counting the number of 15 
pulses of said first horizontal blanking signal 
(Hsync (REF)), said counter being arranged to be 
reset in response to said first one frame rate sig- 
nal (R^); 

second separating means (81 b) for sepa- 20 
rating a second vertical blanking signal (Vsync 
(VIDEO)) and a second horizontal blanking signal 
(Hsync (VIDEO)) from said video signal received 
by said first receiving means (24); 

second generating means (82b) for gener- 25 
ating a second one frame rate signal (L^) in re- 
sponse to said second vertical blanking signal 
(Vsync (VIDEO)) and said second horizontal 
blanking signal (Hsync (VIDEO)); and 

latch means (84) for latching the output of 30 
said counter (83) in response to said second one 
frame rate signal (L^) so as to generate said 
phase difference signal (AV). 

6. A video camera apparatus according to any one 35 
of the preceding claims, comprising: 

a cable (6) for transmitting said phase dif- 
ference signal (AV from said camera control unit 
(41) to said video camera (1) and said video sig- 
nal (VBS) from said video camera (1 ) to said cam- 40 
era control unit (41); and 

means (SW2, 42, 43, 44, 45, 53, 54) for se- 
lecting whether to transmit said phase difference 
signal (AV) from said camera control unit (41) to 
said video camera (1 ) and said video signal (VBS) 45 
from said video camera (1) to said camera control 
unit (41) using said cable (6) or using said first 
transmitting means and said second transmitting 
means. 

50 

7. A camera control unit (41 ) for generating a control 
signal for controlling a video camera (1), said 
camera control unit (41) comprising: 

means (24) for receiving a video signal 
(VBS) transmitted from said video camera (1) 55 
over a radio channel; 

means (80) for comparing the relative 
phase of said video signal (VBS) received by the 



receiving means (24) with that of a reference sig- 
nal (REF) so as to generate a phase difference 
signal (AV) representing the phase difference be- 
tween the video signal (VBS) and the reference 
signal (REF); 

transmitting means (23) for transmitting 
said phase difference signal (AV) to said video 
camera (1) over a radio channel; 

memory means (32) for storing said video 
signal (VBS) received by said receiving means 
(23); 

means (34, 35) for generating a write clock 
signal, in response to said video signal (VBS) re- 
ceived by said receiving means (24), for control- 
ling writing of said video signal (VBS) to said 
memory means (32); and 

means (36, 37) for generating a read clock 
signal, in response to said reference signal 
(REF), for controlling reading of said video signal 
(VBS) from said memory means (32). 

8. A unit (41) according to claim 7, wherein said 
transmitting means is operative to transmit said 
phase difference signal (AV) over a radio channel 
in the very high frequency (VHF) band. 

9. A unit (41) according to claim 7 or claim 8, com- 
prising an encoder (90) for generating a compo- 
site signal of said control signal and said phase 
difference signal (AV). 

10. A unit according to claim 9, wherein said transmit- 
ting means (23) is operative to transmit said com- 
posite signal over said radio channel for transmit- 
ting said phase difference signal (AV). 

1 1 . A unit (41 ) according to any one of claims 7 to 1 0, 
wherein said comparing means (80) comprises: 

first separating means (81a) for separating 
a first vertical blanking signal (Vsync (REF)) and 
a first horizontal blanking signal (Hsync (REF)) 
from said reference signal (REF); 

first generating means (82a) connected to 
be supplied with said first vertical blanking signal 
(Vsync (REF)) and said first horizontal blanking 
signal (Hsync (REF)) for generating a first one 
frame rate signal (R^); 

a counter (83) for counting the number of 
pulses of said first horizontal blanking signal 
(Hsync (REF)), said counter being arranged to be 
reset in response to said first one frame rate sig- 
nal (Rzv); 

second separating means (81 b) for sepa- 
rating a second vertical blanking signal (Vsync 
(VIDEO)) and a second horizontal blanking signal 
(Hsync (VIDEO)) from said video signal (VBS) re- 
ceived by said receiving means (24): 

second generating means (82b) for gener- 
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ating a second one frame rate signal (L^) in re- 
sponse to said second vertical blanking signal 
(Vsync (VIDEO)) and said second horizontal 
blanking signal (Hsync (VIDEO)); and 

latch means (84) for latching the output of s 
said counter (83) in response to said second one 
frame rate signal (L^) so as to generate said 
phase difference signal (AV). 

12. A video camera (1) comprising: 10 

receiving means for receiving a phase dif- 
ference signal (AV) transmitted from a camera 
control unit (41) over a radio channel; 

means (15) for generating a synchronizing 
signal (BB); 15 

means (91, 92, 93) for controlling the 
phase of said synchronizing signal (BB) in accor- 
dance with said phase difference signal (AV) re- 
ceived by said receiving means (13); 

image pickup means (1 8) for generating a 20 
video signal (VBS) in accordance with said syn- 
chronizing signal (BB); and 

transmitting means (14) for transmitting 
said video signal (VBS) over a radio channel. 

25 
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